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Flowdr i l l  i n q  i s  a bush-l'ial.in(j o p e r a t i o n  a p p l i e d  t o  t h i n  vial l e d  ui-oducts f o r  j o i n t  engagement. 
Fds te i l i ngs  e r n i b i  t 8ilechanica: p r o p e r t i e s  wh t c t i  'depend i a r g e l ]  on t h e  s h e a r  5 t r e n g t h  o f  t h e  pa ren t  
niatei-la1 and t h e  area of  engageaent. F l o w d r i l l i n g  i s  s p e c i f i c a l l y  designed t o  i nc rease  t l e  l a t t e r .  
Oevelopwents dur ing  t i le la lst  s i x  o r  seven yea rs  have r e s u l c e d  i n  a nuwber of i n d u s t r i a l  u s e f u l l  
a p p l i c a t i o n s .  Previous d:teinDts t o  use " r o t a r y  p lung ing  niethods" f a i l e d  due t o  l ow  tool l i f e  and 
t i e  i n a b i i l t ]  to  o b t a i f l  an acce3 tas le  f i i i i s l i .  T i e  paper desc r ibes  the  d i f f e r e n t  Drocess v a r i a b l e s  
and g i v e s  the  r e s u l t s  of  a p r e l i m i n a r y  a n a l y s i s  o f  t l e  d i f f e r e n t  mechanical and ? h y s i c a l  aspec ts .  
Manufacturing p r o p e r t i e s  l i k e  c y c l e  t ime  and t o o l  l i f e  a r e a l s o  d e a l t  w i t h .  
INTROUUCTIOH 
F l o w - d r i l l i n g  is a bush-making p r o c e s s  a p p l i e d  t o  t h i n  wa l l ed  
p r o d u c t s  f o r  . joint  enqapement ( t h r e a d  t a p p i n g ,  t h read  r o l l i n g ,  
ha rd  and s o f t  s o l d e r i n g  and t h e  use  of a d h e s i v e s ) .  [ I ] [ j ]  
C o n t r a r y  t o  c o n v e n t i o n a l  d r i l l i n g ,  i n  F low-dr i l l i ng  t h e r e  is no 
n a t e r i a l  removal hu t  .I d i sp l acemen t  of m a t e r i a l .  The bush  i n  
formed from t h e  p a r e n t  materi.11 which is s u b j e c t e d  t o  f r i c t i o n  
k i t i n g ,  but  a t  t h e  end t h e  hush : r a t e r i a l  has a f i n e r  s t r u c t u r e  
because nf t he  o c c u r r e n c e  of dynamic r e c r y s t a l l i z  s t i o n .  
F igu re  I A  shows t h e  t y p i c a l  shape  of a € l o w - d r i l l i n g  t o o l .  
hav ing  a s p e c i a l l y  shaped c o n i c a l  nose. 111 g e n e r a l  t h e  shape  of 
tile € l o w - d r i l l  can  be d i v i d e d  i n t o  5 s e c t i o n s :  
1. T l i e t i p  
2. 
3 .  The c a l i b r a t i o n  ( c v l i n d r i c )  p a r t  
4. The c o l l a r  
5. The shank 
The c o n i c  p a r t  ( t op -ang le  abou t  35')) 
CROSS -SECTION R - G  
Figure  I A :  T y p i c a l  shape  of a f l o w - d r i l l i n g  t o o l .  
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F i g u r e  1 H :  Four s t a g e s  i n  t h e  forming of a bush. 
The p r e s e n t l y  a v a i l a b l e  t o o l s  a r e  made of cemented c a r b i d e  (P25-  
P 3 5 )  c o v e r i n g  d i a m e t e r s  f rom 3 mm t o  abou t  31) mm. 
Hoth t h e  c o n i c a l  and the  c a l i b r a t i o n  p a r t  a r e  p rov ided  w i t h  1 o r  
4 f a c e t s  ( s e e  f i g .  L A ,  c r o s s - s e c t i o n  AA) t o  promote loca l  
f r i c t i o n  h e a t i n g  wh i l e  p r e v e n t i n g  s t i c k i n g .  Too l s  above I 0  mm 
d i a m e t e r  a r e  p rov ided  wi th  a ho r ing  (0,f,xDt) t o  p reven t  n r p t u r e  
by thermo- shock.  
F l o w - d r i l l i n g  is a n  o p e r a t i o n  c o n t r o l l e d  by f r i c t i o n  h e a t i n g .  
S t a r t i n g  From a n  i n i t i a l  i n d e n t a t i o n ,  and unde r  t h e  i n f l u e n c e  of 
a c o n s t a n t  a x i a l  p r e s s u r e ,  t h e  h e a t e d  me ta l  OF t h e  workpiece i s  
ex t r t i ded  bo th  upwards and downwards i n  t h e  r a t i o  of abou t  40% t o  
6 0 2  r e s p e c t i v e l y .  The h e i g h t  o f  the so-formed hush measures  2 . 5  
to  3 times t h e  o r i g i n a l  t h i r k n e s s  of t h e  m a t e r i a l .  Due t n  l o c a l  
f r i c t i o n  h e a t i n g  oi  t h e  workp iece ,  t h e  o p e r a t i o n  c a n  be 
performed wi th  a r e l a t i v e l y  s m a l l  a x i a l  p r e s s u r e ,  so t h a t  t h e r e  
I s  no need f o r  s p e c i a l  measures  t o  s u p p o r t  b l i n d  s e c t i o n s .  F l o w -  
d r i l l i n g  r e q u i r e s  t h e  u s e  o f  a h igh - t empere tu re  r e s i s t a n t  
! . uh r i can t ,  (MolykoteHTD and -IiTF) s p a r i n g l y  a p p l i e d  t o  t h e  t o o l  
to preven t  s t i c k i n g .  which is d e t r i m e n t a l  t o  s u r f a c e  q u a l i t y  and 
t o o l  l i f e  ( v i b r a t i o n s ) .  
The mi in  a r e a  of a p p l i c a t i o n  is i n  t h e  manufacture  of man i fo lds  
f o r  a i r ,  gas  or l i q u l d  and d i r e c t  f a s t e n i n g s  i n  me ta l  f u r n i t u r e ,  
domes t i c  p r o d u c t s  and i n  t h e  e l e c t r i c  and e l e c t r o n i c  i n d u s t r y .  
A f l o w - d r i l l e d  bush can be used a s  a s e a l  f o r  p l a i n  h e a r i n g s  i n  
a wide range of  imch ine ry  , and even  can i t s e l f  a c t  as a b e a r i n g  
s u r f a c e .  
F l o w - d r i l l i n g  c a n  be a p p l i e d  t o  a wide v a r i e t y  of mter ia l s  l i k e  
d i f f e r e n t  ca rbon  steels, s t a i n l e s s  s teel ,  copper ,  b r a s s  and  
aluminium. D i f f i c u l t t e s  ar ise  f o r  strong pre - s t r a inha rdened  
q u a l i t i e s ,  which, i n  p a r t i c u l a r  i n  t h e  c a s e  o f  aluminium, 
r e s u l t s  i n  a h-d q u a l i t y  of t h e  hush. 
The a d v a n t a g e s  of f l o w - d r i l l i n g  compared t o  o t h e r  methods of 
making f i x i n g  hushes a r e  t h e  f o l l o w i n g  [41[61:  
- F l o w - d r i l l i n g  is  a s i n g l e  c y c l e  o p e r a t i o n  s u i t e d  f o r  
- Because t h e r e  is no need f o r  i n s p e c t i o n ,  f l o w - d r i l l i n g  c a n  
- There  i s  no need for t h e  u s e  of m a t e r i a l  s o c k e t s :  t h e  p a r e n t  
- Crev ice  and d i s s i m i l a r - m e t a l  c o r r o s i o n  do not  occur .  
- Using a c o l l a r  on t h e  tool r e s u l t s  i n  a f l a t  mounting f a c e  
on t h e  bush. I n  t h e  c a s e  of t h r e a d e d  bushes t h e r e  is  no need 
For a washer  to g e t  a gas  t i g h t  connec t ion .  
- I t  is p o s s i b l e  t o  produce bushes in b l i n d  s e c t i o n s  because 
t h e r e  is no need f o r  s u p p o r t  a t  t h e  r e a r .  
- Threaded j o i n t s  and s o l d e r e d ,  b razed  o r  adhe red  c o n n e c t i o n s  
a re  o€  a h igh  i n t e g r i t y .  
- There a r e  no d i s t u r b a n c e s  caused by c h i p s  ( l i k e  i n  normal 
d r i  11 i n g  ) . 
- Thinne r  wa l l ed  m a t e r i a l s  can be used when compared w i t h  
d i r e c t  d r i l l l t a p  o p e r a t i o n s .  
The economic advan tages  of f l o w - d r i l l i n g  depend on a v a r i e t y  of 
c o n s i d e r a t i o n s  l i k e  c a p i t a l  equipment  c o s t s ,  p roduc t ion  times 
and  l a b o u r  involvement .  
automated manufac tu r ing  p roduc t ion .  
immedia t e ly  be fo l lowed  by t h r e a d  ro l l - fo rming .  
m a t e r i a l  is  be ing  used.  
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Figure  2 :  Common a v a i l a b l e  t y p e s  of f l o w - d r i l l s .  
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Three common a v a i l a b l e  types  of F l o w - d r i l l s  a r e  glvrn  I n  f i g u r e  
2.  Type A r e p r e s e n t s  t h e  s t a n d a r d  type.  F low-dr i l l s  f o r  t h e  
bushes R and D a r e  p rov ided  wi th  c u t t i n g  edges on t h e  c .o l l a r  
which ( p a r t l y )  remove t h e  up-wards e x t r u d e d  p a r t  of t h e  bush. I n  
the  c a s e  D t h e  bush h a s  heen c o u n t e r h o r r d .  The f l o w - d r i l l  of t h e  
t y p e  C has a long c y l i n d r i c  s e c t i o n  t o  g e t  a hush as high a s  
p o s s i b l e .  
The r e q u i r e d  spindle-power measures  approx ima te ly  f o u r  iimes 
t h a t  needed f o r  c o n v e n t i o n a l  d r i l l i n g .  T h i s  c o u n t s  f o r  t h e  
u s u a l l y  a p p l i e d  (max.) s u r f a c e  speed of abou t  1 .5  m l s .  
The t o o l  h o l d e r  must have a means f o r  h e a t  d i s s i p a t i o n  t o  
p reven t  o v e r h e a t i n g  of t h e  s p i n d l e - b e a r i n g s .  h'hen a p r e s s u r e -  
c o n t r o l l e d  f eed  d r i v e  is used ,  t h e  need f o r  f e e d - r a t e  c o n t r o l  
makes a h y d r a u l i c  damped pneumatic  f eed -d r ive  mechanism 
e s s e n t i a l .  Because of t h e  f a c t  t h a t  t h e  s ta r t  of t h e  p r o c e s s  is 
d i f f i c u l t  i n  c e n t e r . i n g  t h e  f l o w - d r i l l ,  a f l o w - d r i l l i n g  machine 
needs a s t a b l e  s p i n d l e .  Bending moments on t h e  f l o w - d r i l l  must 
be avo ided  because  of t h e  h r i t t l e  n a t u r e  of t h e  t o o l  m a t e r i a l  
(no s i g n t f i c a n t  r a d i a l  f o r c e s  on t h e  t o o l  t i p ) .  
The i n n e r  d i a m e t e r  is very c o n s t a n t  o v e r  t h e  l e n g t h  of t h e  bush; 
i ts v a l u e  does n o t  depend on f eed -p res su re  and r o t a t i o n  speed .  
The o u t e r  d i a m e t e r  of t h e  lxish is not  c o n s t a n t  and is s l i g h e l y  
dependent  on p r e s s u r e  and speed.  Higher  p r e s s u r e  and h i g h e r  
s u r f a c e  speed  cause  t h e  w a l l - t h i c k n e s s  of t h e  hish t o  i n c r e a s e  
(a  few p e r c e n t )  [ 31. 
I n  t h e  c a s e  of asymmetr ic  p r o d u c t s  t h e r e  is  a tendency of non- 
c i r c u l a r  bushes be ing  formed as a r e s u l t  of t h e  combined a c t i o n  
of d i f f e r e n c e s  i n  the rma l  expans ion  and p roduc t  s t i f f n e s s  i n  
d i f f e r e n t  d i r e c t i o n s .  T h i s  e f f e c t  is coming i n t o  a c c o u n t  when 
t h e  s u r r o u n d i n g  area of t h e  bush becomes asymmetr ic  w i t h i n  a 
r a d i u s  of f o u r  o r  f i v e  t i m e s  t h e  d i ame te r .  
In t h e  case o f  a th readed  bush t h e  s t r e n g t h  of t h e  c o n n e c t i o n  is  
even  b e t t e r  t han  t h a t  r e q u i r e d  a c c o r d i n g  t o  DIN-standards 
[ 4 1 .  
DSCJLPT'ON_OI- :rH! Fl.OWyDR I L L  ING P R ~ - ~ ~ _ s S  
General .  
I n  f i g u r e  I A  a s t anda rd - shape  f l o w - d r i l l  is g iven .  l l s ing  t h i s  
t ype  of f l o w - d r i l l ,  t h e  bush-making o p e r a t i o n  can he c o n s i d e r e d  
t o  c o n s i s t  of t h r e e  phases ,  r e s p e c t i v e l y :  
1. The s t a r t - u p :  from t h e  f i r s t  c o n t a c t  of t h e  t i p  of t h e  flow- 
d r i l l  w i t h  t h e  workpiece up t o  t h a t  p o s i t t o n  where t h e  
t r a v e l l e d  d i s t a n c e  i n  a x i a l  d i r e c t i o n  is e q u a l  t o  t h e  
m a t e r i a l  t h i c k n e s s  ( z  = md = l I ) .  
2. The e x t r u s i o n  phase:  from % = md u p  t o  t h a t  p o s i t i o n  where 
t h e  d i sp lacemen t  z e q u a l s  l I  + 1 
3. B u s h - c a l i b r a t i o n  and c o l l a r - w a s h f r i n g  phase.  
+ h (bush l e n g t h )  
2 thickness u - d i m m c i o n s C C  
- marerial 
f r i r : ian  
heat gcneri:iun 
x a t  conduction 
rxtr i i s i  on 
I !' -4 - 2 position t 
'I 1 -x.$$ 
Pigure  3:  System r e p r e s e n t a t i o n  of t h e  f l o w - d r i l l i n g  
p rocess .  
F i g u r e  3 g i v e s  a su rvey  of t h e  d i f f e r e n t  v a r i a b l e s  invo lved .  The fol lowiny.  v a r i a b l e s  have h ren  r eco rded :  
The 
I 
d i f f e r e n t  v a r i a b l e s  a r e  a r r a n g e d  as f o l l o w s :  
Independent  v a r i a b l e s -  
a .  Workpiece and t o o l  pa rame te r s  
_- 
- M a t e r i a l  p r o p e r t i e s  of t o o l  and workp iece  
- Thickness  of t h e  workpiece material md 
- Diameter  of t h e  t o o l  
- Feed f o r c e l f e e d  v e l o c i t y  
- R o t a t i o n  speed  
- S u r f a c e  speed V 
- Lubr i can t  
D t  
F P Z  
b. F ree  ( a d j u s L a b l e )  v a r i a b l e s  
11 g~~!e"tJ$+&l~b_l_es 
a. P rocess :  
- Feed v e l o c i t y l f e e d  f o r c e  VZ.F, 




- Apparent  C o e f f i c i e n t  of F r i c t i o n  - 
- Contac t  t e m p e r a t u r e  ( t o o l l w o r k p i e c e )  
- ( S p e c i f i c )  Energy 
- ( S p e c i f i c )  Power 
- R a d i a l  f o r c e s  
Db - Inne r  d i a m e t e r  of t h e  bush - Wall t h i c k n e s s  of  t h e  bush W t  - T o t a l  h e i g h t  ( l e n g t h )  of t h e  bush h 
- T o t a l  h e i g h t  ( l e n g t h )  of t h e  
- T o t a l  h e i g h t  ( l e n g t h )  of t h e  
b. P roduc t :  
hd down-ward bush 
up-ward bush hU 
Measurements are c a r r i e d  ou t  u s i n g  a s p e c i a l l y  des igned  flow- 
d r i l l i n g  machine s u p p l i e d  w i t h  a h y d r a u l i c  damped pneumatic  
f e e d - d r i v e  mechanism. I n  t h i s  case t h e  f eed  f o r c e  is a d j u s t a b l e .  
The p r e s e n t l y  r e p o r t e d  r e s u l t s  conce rn :  
Diameters D : 9 12  16  mm 
?laterial t h i c k n e s s  6: 2 3 4 5 mm 
Kinds of m a t e r i a l  Y i ld  s t e e l ,  Al fa -b ras s ,  S t a i n l e s s  
s teel  
(C20) (Cu63,Zn37) (Cr18.Ni11.5) 
The e x p e r i m e n t a l  p rog ran  h a s  been a r r a n g e d  as g iven  below. 
a. H i l d  steel D : 9 ,12 ,16  9.12.16 9.12.16 
b. A l fa -b ras s  D t :  9 , 1 2 , l 6  9 , 1 2 , I h  
c. S t a i n l e s s  s tee l  D: 9.12.16 9 , 1 2 ,  I6  9,IZ,16 
md=Z md-3 md=4 md=5 
- quality 
CYCLE FTIHE 
I .  Feed f o r c e  
2. Tool p o s i t i o n  
I .  Driv ing  moment of t h e  t o o l  
4 .  Con tac t  t empera tu re  
I n  t h e  f i g u r e s  4 and 5 t h e  c h a r a c t e r i s t i c s  of t h e  f eed  force, 
Eeed v e l o c i t y .  d r i v i n g  moment and c o n t a c t  t e m p e r a t u r e  are  
p l o t t e d  a g a i n s t  t h e  t r a v e l l e d  d i s t a n c e  of t h e  f l o w - d r i l l  i n  %- 
d i r e c t i o n .  For  a b e t t e r  i d e n t i f i c a t i o n  of :he d i f f e r e n t  phases  
of t h e  p roces ,  t h e  contotit' of t h e  f l o w - d r i l l  i s  drawn a l o n g  t h e  
z-axis. The p reqen ted  r e s u l t s  d e a l  w i t h  t h e  s t a r t - l i p  and  
e x t r u s i o n  phase on ly .  
Q: MILD STEEL 
b: ALFA B R A 5 5  
F i g u r e  4: Feed f o r c e  F, and f eed  v e l o c i t y  V, vs. z for  t h e  
s t a r t - u p  and t h e  e x t r u s i o n  phase on ly .  
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a : M l L D  STEEL 
c: STCIINLESS STEEL 
O. 5 -20  Nm 
Figure 5 :  F r i c t i o n  moment H and Contact Temperature T VS.  
z f o r  the  s t a r t - u t a n d  the e x t r u s i o n  phase on&. 
A t  the  s t a r t  of the  process ,  the  feed  f o r c e  is b u i l t  up i n  a 
very s h o r t  period of time. However, both the contac t  s u r f a c e  and 
t h e  s u r f a c e  speed between f l o w - d r i l l  and workpiece a r e  very 
small. Despite a high c o n t a c t  pressure ,  only a low amount of  
energy is d i s s i p a t e d .  Below c e r t a i n  minimum values  of FZ 
and w the  process w i l l  not s t a r t  : The r a t i o  of generated and 
conducted hea t  is too  low. After the  s t a r t - u p  (z = md) the  feed  
v e l o c i t y  i n c r e a s e s  s i g n i f i c a n t l y  a s  a r e s u l t  of a n  increased  
hea t  genera t ion  caused by the  i n c r e a s i n g  s u r f a c e  speed. This 
causes the  a c t u a l  feed  f o r c e  t o  decrease  a f t e r  the s t a r t - u p  
because the  h y d r a u l i c  damper becomes more a c t i v e .  During t h e  
e x t r u s i o n  phase t h e  feed f o r c e  i n c r e a s e s  somewhat (abuut 5%). 
This aga in  is  a r e s u l t  of t h e  changing v e l o c i t y  of the  t o o l  i n  
z -d i rec t ion .  When the  e x t r u s i o n  phase is terminated (z = l1 + l2  
+ h) the  a c t u a l  f l o w - d r i l l i n g  is over. The contac t  temperature 
decreases  and the bush tends  t o  s h r i n k ,  so the  r o t a t i n g  flow- 
d r i l l  is being clamped and, in a way, the  process is s ta r ted-up  
aga in .  This e f f e c t  cont inues  t o  work p e r i o d i c a l l y  f o r  a while,  
dur ing  which per iod  the  surrounding m a t e r i a l  cools  and s h r i n k s  
and t h e  bush is being c a l i b r a t e d .  The i n c r e a s e  of the  feed f o r c e  
i n  t h i s  phase,  a s  shown i n  f i g u r e  4, is not a r e s u l t  of t h e  
down-washering of t h e  c o l l a r  of the  bush. During t h e  e x t r u s i o n  
phase, the  moment of f r i c t i o n  i n c r e a s e s  l i n e a r l y  with t h e  z- 
p o s i t i o n  and thus  wi th  the  diameter of the too l .  This obviously 
i n d i c a t e s  t h a t  the  a c t i v e  a r e a s  on the  f a c e t s  of the  t o o l  remain 
equal  over the  length of the  cone. 
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Figure  6: Contact temperature Tc VS. t i m e  
Af te r  the  e x t r u s i o n  phase, i n i t i a l l y  the  moment of f r i c t i o n  
decreases  very s t r o n g l y .  But s h o r t l y  a f t e r  t h a t ,  dur ing  
c a l i b r a t i o n .  it s t a r t s  o s c i l l a t i n g  around a c e r t a i n  value,  t h i s  
co inc id ing  with temperature and sound e f f e c t s .  
The measurement of t h e  contac t  temperature is  d i f f i c u l t  s i n c e  
the temperature g r a d i e n t  dTldt > 300 ')C/sec and dT/dx > 200 
oC/mm. Therefore ,  the  thermo-couple method has been a p p l i e d ,  
using the  temperaLurelEXF r e l a t i o n s  f o r  the carb ide  too l  and  the  
d i f f e r e n t  workpiece ~ m t e r i a k s .  One is aware of the f a c t  t h a t  t h e  
vzilues measured i n  t h i s  way, represent  va lues  which a r e  averaged 
o v e r  the  contact-area between t o o l  ,and workpiece. .Already dur ing  
the  s t a r t - u p  oi  the process abuut 90% of the maximum recordsd 
temperature is reached. During t h e  e x t r u s i o n  phase the contac t  
temperature r i s e s  only s l i g h t l y .  When c a l i b r a t i o n  s t a r t s ,  t h e  
temperature drops suddenly but qu ick ly  recovers while 
o s c i l l a t i n g  somewhat below the maximum leve l .  
Occas iona l ly  a l s o  t h e  temperatures on the  workpiece s u r f a c e  i n  
the  near v i c i n i t y  of a growing bush have been measured. For t h i s  
C r / A l  thermo-couples Mere welded on the  s u r f a c e  on c o n c e n t r i c  
c i r c l e s  around the planned bush. Unfortunately the  theriw- 
cquples  loosen a t  the  moment the  o u t e r  diameter of t h e  bush 
reaches t h e i r  p o s i t i o n .  So the  M s u r e d  max. values ( s e e  
f i g u r e  6) can only be considered a s  the lower l i m i t s  of the  
tempera ture  i n  the ex t ruding  m a t e r i a l .  
Load charaCter iS t icS  of the  t o o l .  
Severa l  f a c t o r s  a r e  in€ luencing  t h e  l i f e  t i m e  of the  t o o l .  Apart 
from the m a t e r i a l  p r o p e r t i e s  of the  t o o l ,  a t a b l e  of i n f l u e n c i n g  
load  f a c t o r s  is given below. F e r i o d i c a l l y  changing therna l -  and 
mechanical load components a r e  causing both d i r e c t  and i n d i r e c t  
wear phenomena which a r e  d e t r i m e n t a l  t n  t o o l  l i f e .  
Thermal- load 
Direc t  Thermo- S t  r e s s  ' Change of Y a t e r i a l  Abrasive Wear 
P r o p e r t i e s  
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causing thermo-stress.  I t  is experienced t h a t  with r e s p e c t  
t o  t o o l  l i f e ,  thermo-stress is  dominant i n  f low-dr i l l ing .  
Dependent on the  m a t e r i a l  p r o p e r t i e s ,  thermo-stress can  
d i r e c t l y  become f a t a l  r e s u l t i n g  i n  complete breakage of the  
c a r h i d e  f low-dr i l l .  The r e s i s t a n c e  a g a i n s t  thermo-stress of 
a m t e r i a l  can be expressed by: 
of .k 
= Const.  E k f a  % = Const. ---- E . R  
where: a : f r a c t u r e  s t r e n g t h  
E f :  f r a c t u r e  s t r a i n  
li : Young's modulus 
a :  c o e f f i c i e n t  of thermal expansion 
f 
k : c o e f f i c i e n t  of hea t  t r a n s f e r  
The formula is  used f o r  choosing t h e  r i g h t  carb ide  grade. 
An a n a l y s i s  made of t h e  thermal s t r e s s e s  showed the need f o r  
having a boring i n  t h e  t o o l  f o r  diameters beyond 10-12 mm 
[ ? I .  For d iameters  beyond 20 mm t h e  s i z e  of the c o l l a r  is  
gradual ly  becoming the  min l i m i t i n g  f a c t o r  Ln t o o l  l i f e .  
J u s t  l i ke  d i f f u s i o n ,  cor ros ion  of t h e  t o o l  m a t e r i a l  becomes 
a n  important problem i n  f l o w - d r i l l i n g  where temperatures 
c l o s e  t o  the  mel t ing  poin t  of the  workpiece m a t e r i a l  a r e  
r e a d i l y  poss ib le .  Experiments c a r r i e d  out  with some K-10 
grade on mild s t e e l  r e s u l t e d  i n  a quick d e f l r i a t i o n  of t h e  
s u r f a c e  of the  t o o l  by oxida t ion .  This was followed by 
growing (micro)-cracks and t h e s e  t o o l s  came to  a t o t a l  
breakage wi th in  80-350 bushes. The use of a TIC-TIN coa t ing  
solved the oxida t ion  prohlem but then a lack of hot-hardness 
caused p l a s t i c  t o r s i o n  of the  cone and f i n a l l y  t o t a l  
breakage a t  near ly  I000 bushes (about 15% of normal t o o l  
I t f e )  [ 2 ] .  
The mechanical load om the  t o o l  pr imar i ly  cons is t8  of an 
a x i a l  feed f o r c e  and a t o r s i o n  moment. To g ive  an idea  of 
t h e  order  of magnitude: With a diameter of 12 mm and a n  
a x i a l  f o r c e  of 4 kN the normal s t r e s s  on the f a c e t s  of t h e  
t o o l  is  es t imated  t o  be 360 N l m m 2  while the  corresponding 
t a n g e n t i a l  s t r e s s  is 105 N l m m 2 .  (An es t imate  is made oE the  
a c t u a l  length of engagement of the  f a c e t s ) .  Reference m d e  
t o  the t r a n s f e r  rupture  s t r e n g t h  of about 2000 N / m m 2  y i e l d s  
t h a t  on the  basis of t h e s e  va lues ,  f r a c t u r e  can hard ly  be 
expected. The t o o l - t i p  gradual ly  becomes h lunt  by a b r a s i v e  
wear. Worn f a c e t s  a r e  not d i r e c t l y  playing a s i g n i f i c a n t  
p a r t  i n  t o o l  l i f e  s i n c e  t o t a l  breakage occurs before  t h e  
l i m i t i n g  t o l e r a n c e s  of the  diameter a r e  exceeded. However, 
experiments have shown t h a t  the contact-temperature w i l l  
Flow-dril l ing i n  the case  of a workpiece with a corroded 
s u r f a c e  proves t o  be very dangerous f o r  the  t o o l .  I t  is 
believed t h a t  severe  c e n t r a t i o n  problems a s  a r e s u l t  of a 
delayed s t a r t - u p  a r e  respons ib le  f o r  t h i s .  The quick ly  
i n c r e a s i n g  feed f o r c e  causes s i g n i f i c a n t  r a d i a l  f o r c e s  by 
which t o t a l  breakage is  t o  be expected ( w i t h i n  a f e w  
bushes). 
Up till  now it was not p o s s i b l e  t o  i n d i c a t e  any s i g n i f i c a n t  
i n f  h e n c e .  
r i s e  about 10% by t h i s .  So t o o l  l i f e  w i l l  he inf luenced .  
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EVALUATION OF EXPKRIMXTAL RESULTS. Value Theory scems t o  be j u s t i f i e d  s i n c e  the  va lue  of t h e  
Tempera tu res  
From t h e  measured EXF-values i t  follows t h a t  t h e  a v e r a g e  Exper i ence  ga ined  over a long p e r i o d  of time shows t h a t  i n  t h e  
con tac t - t empera t r i r e  T is a lmos t  i ndependen t  of t h e  f eed  f o r c e  c a s e  of low-carbon s teels  dnd For d i a m e t e r s  < 10 mm, t o o l  l i f e  
F . The i n f l u e n c e  0% t h e  s u r f a c e  s p c r d  nn Tc is  d e p i c t e d  i n  e a s i l y  excecds  2O.l)r)O bushes.  I n  a l l  c a s e s ,  t o n l  l i f e  is  
i f g .  7.  determined by Fatal r u p t u r i n g  o r  t o t a l  breakage.  Cases  i n  which 
a t o n l  had t o  be changed because  of i n t o l e r a b l e  wear on t h e  
c a l i b r a t i o n  p i i r ~ ,  are no t  known. 
The inP luence  both of t h e  m t e r i a l  p r u p e r t i e s  of  t h e  t o o l  and of 
t h e  s u r f a c e  i n t e g r i t y  of t h e  workpiece on t o o l  l i f e  has  been 
d i s c u s s e d  i n  t h e  p r e v i o u s  p a r a g r a p h  . The dominat ing i n f l u e n c e  
of t he rmo-s t r e s s  makes i t  p o s s t b l e  t o  g i v e  a rough e s t i m a t e  of 
c a l c u l a t r d  c o r r e l a t i o n  f a c t o r  i n  each  c a s e  p roves  t o  he f a i r .  
The r e s u l t s  p r e s e n t e d  below app ly  t o  a P25 c a r h i d e  g r a d e .  
.~ . . . . . . . .___I_-.-. - 
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t h e  i n f l u e n c e  oE t h e  workpiece n n t e r i a l  on t o o l  l i f e :  A low 
me l t ing -  poinL and a q u i c k l y  d ropp ing  shear-stressltemperature 
1.1 : i c u r v e  w i l l  r e s u l t  i n  f a v o u r a b l e  m c h i n i n g  c h a r a c t e r t s t i c s  and 
> I hl orumote ,i lone t o o l  l i f e .  
7. oon 7.007 1 5.635 
Figure  7: Contacc t e m p e r a t u r e  T, VS.  S u r f a c e  Speed V .  
The g raph  shows 
s t a b i l i z i n g  when 
i n f l u e n c e  of t h e  
T = Tool l i f e  w i l l  be reached by probably 90X of t h e  
a n  a s y m p t o t i c  behav iour ,  t h e  maximum of T t o o l s .  
app roach ing  O,R5T ( m e l t i n g  p o i n t )  t h z  
d i ame te r  of t h e  t o o y y a p a r t  from t h e  s u r f a c e  
s p e e d )  and t h e  m a t e r i a l  t h i c k n e s s  can f o r  t h e  g r e a t e r  p a r t  be 
e x p l a i n e d  by a cohe ren t  i n c r e a s e  i n  t h e  a c t i v e  f l o w - d r i l l i n g  
time ( s e e  a l s o  f i g .  1 0 ) .  I t  is q u i t e  p o s s i h l e  t h a t  t h e  measu r ing  
method i n  i t s e l f  is a l s o  p a r t l y  r e s p o n s i b l e  f o r  t h e  obse rv -ed  
i n f l u e n c e s  of m a t e r i a l  t h i c k n e s s  and t o o l  d i ame te r .  The 
c o n c l u s i o n  t h a t ,  f o r  t h e  u s u a l  a p p l i e d  s u r f a c e  speed o f  1 . 5  m l s ,  
t h e  l a r g e r  f l o w - d r i l l s  are s u b j e c t e d  t o  a s i g n i f i c a n t l y  h i g h e r  
t he rma l  load seems t o  he j u s t i f i e d .  T h i s  is confirmed by twn 
f a c t s :  
I .  Tool  l i f e  d e c r e a s e s  wi th  t h e  i n c r e a s i n g  d i a m e t e r  of t h e  
t o o l .  
2 .  O b s e r v a t i o n s  show t h a t  t h e  c o l o u r  of a I 6  mm t o o l  may e a s i l y  
become b r igh t -ye l low w h i l e  t h e  smaller t o o l s  perform 
p e r c e p t i b l y  c o o l e r .  
A remark shou ld  be made r e g a r d i n g  t h e  f a c t  t h a t  i n  a n  automated 
environment  t h e  T -va lues  of t h e  smaller s i z e d  t o o l s  may s ! i l f t  
somewhat towards k i g h e r  numbers, t h i s  be ing  t h e  r e s u l t  of l e s s  
c o o l i n g  t i m e .  
For g iven  p r o c e s s - c o n d i t i o n s  t h e  t e m p e r a t u r e  T is dominated by 
t h e  shear-stress/temperature r e l a t i o n  belongi; t o  t h e  a p p l i e d  
workp iece  mter ia l .  When t h e  s u r f a c e  speed  is i n c r e a s e d ,  t h e  
subsequen t  t e m p e r a t u r e  rise w i l l  be l i m i t e d .  T h i s  happens as a 
r e s u l t  of t h e  amount of ene rgy  which c a n  be d i s s i p a t e d  be ing  
l i m i t e d  by a d rop  i n  t h e  s h e a r - s t r e s s .  The t e m p e r a t u r e  w i l l  
e a r l y  s t a b i l i z e  a t  a p o i n t  where bo th  t h e  s u p p l i e d  ene rgy  and 
t h e  admissf b l e  ene rgy  a r e  i n  e q u i l i b r i u m .  T h i s  behav iour  is  
i n d i c a t e d  i n  f i g .  R showing t h e  c u r v e s  r e p r e s e n t i n g  t h e  a p p a r e n t  
c o e f f i c i e n t  of f r i c t i o n  between t o o l  and workpiece as a f u n c t i o n  
of Tc. T h i s  also e x p l a i n s  why, w i t h i n  t h e  f e a s i b l e  working 
r ange ,  t h e  e x t r u s i o n  speed  d u r i n g  bush fo rma t ion  is n o t  
s i g n i f i c a n t l y  dependent  on t h e  f eed  f o r c e  FZ. 
Tool  l i f e .  
The number of bushes which can  be made wi th  one t o o l  amounts 
from a few thousands  f o r  t h e  l a r g e r  s i z e s  and f o r  s t a i n l e s s  
s t e e l  t o  v i r t u a l  i n f i n i t y  ( f o r  t h e  smaller s i z e s  and for 
copper ) .  The main f a c t o r s  which a r e  c o n s i d e r e d  t o  d e t e r m i n e  t o o l  
l i f e  a r e :  
- s u r f a c e  speed  
- m a t e r i a l  p r o p e r t i e s  of t h e  t o o l  
- t o o l  s i z e  
- material p r o p e r t i e s  of t h e  workpiece 
- m a t e r i a l  t h i c k n e s s  
- s u r f a c e  i n t e g r i t y  of t h e  workpiece 
- l u b r i c a t i o n  
S i n c e  t o o l - l i f e  tests are very time-consuming and e x t r e m e l y  
c o s t l y ,  no l a h o r a t o r y  l i f e - t e s t  have been c a r r i e d  ou t .  The 
l i m i t e d  number of r e s u l t s  p r e s e n t e d  i n  t h i s  s e c t i o n  are 
c a l c u l a t e d  from d a t a  which are c o l l e c t e d  i n  i n d u s t r i a l  
workshops. T h e i r  v a l i d i t y  is l t m i t e d  i n  t h e  s e n s e  t h a t  t h e y  are 
r e l a t e d  t o :  
- a n  approx ima te  s u r f a c e  speed  of 1.5 m l s  
- d i f f e r e n t  non- spec i f i ed  v a l u e s  of t h e  m a t e r i a l  t h i c k n e s s  
- non-s t anda rd ized  l u b r i c a t i o n  c o n d i t i o n s  
- d i f f e r e n t  non- spec i f i ed  low-carbon steels 
The e v a l u a t i o n  c a r r i e d  o u t  w i th  t h e  a i d  of t h e  Weibul l  Extreme 
~- 
F i g u r e  8: Apparent  C o e f f i c i e n t  of F r i c t i o n  VS. Con tac t  
Tempera tu re  Tc. 
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Fig .  9 Opera t ion  ( S t a r t - u p  + E x t r u s i o n )  Time V S .  S p e c i f i c  
Power 
0_p_erat_Lo.!:T!a?. 
The r eco rded  f l o w - d r i l l i n g  times anount  from a few t o  abou t  2 5  
seconds .  Fig.  9 shows the  r e s u l t s  a s  d e p i c t e d  i n  r e l a t i o n  t o  t h e  
r e q u i r e d  s p e c i f i c  power. (The washering-down phase is  exc luded . )  
The d i f f e r e n t i a t i o n  between t h e  16 mm tool and t h e  o t h e r s  
d i s a p p e a r s  when on ly  t h e  e x t n l s i o n  phase is  t aken  i n t o  accoun t  
(Eig. 10). The time which is needed to s t a r t  up changes  from 
a b o u t  1 second (9  mm) t o  abou t  I0 seconds  (16 mm). 
Fig. 10 shows t h a t  t h e  numbers r e p r e s e n t i n g  t h e  e x t r u s i o n  time 
c a n  be a r r a n g e d  t o  f l t  one s i n g l e  cu rve ,  r e g a r d l e s s  of t h e  t y p e  
of s teel  and s e r v i c e  speed .  It y i e l d s  from f i g .  10 also t h a t  t h e  
r e q u i r e d  s p e c i f i c  power dec-reases  w i t h  i n c r e a s i n g  s i z e  of t h e  
t o o l s .  T h i s  hehav iour  compl i e s  w i t h  m e t a l  c u t t i n g  where t h e  
s p e c i f i c  ene rgy  d e c r e a s e s  w i t h  i n c r e a s i n g  f eed .  Bauer and 
Kretschmer [71 r e p o r t e d  26 W/mm3 f o r  a 7 mm t o o l  which is  q u i t e  
i n  agreement  wi th  t h e  p r e s e n t  f i n d i n g s .  
REMARKS 
- Attempts  have been m d e  t o  c a r r y  ou t  a thorough d imens iona l  
a n a l y s i s  of t h e  p r o c e s s  h u t  t h e  r e s u l t s  have been 
d i s a p p o i n t i n g  up t i l l  now. 
- Both t h e  p r e s e n t  a v a i l a b l e  r e s u l t s  and t h e  r e q u i r e d  d a t a  a r e  
u r g e n t l y  i n v i t i n g  c o n t i n u d r e s e a r c h .  
- F l o w - d r i l l s  are brought  on t h e  market  by : 
F l o w d r i l l  BV, U t r e c h t ,  Ne the r l ands .  
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Fig. 10 E x t r u s i o n  Time VS. S p e c i f i c  Power. 
IgXmtxN~~ 
[ 11 Anonymous, F low-dr i l l i ng .  A method of forming i n t e g r a l  
a t t achmen t  bushes i n  t h i n  s tee l ,  Machinery,  (1975) .  
[ 2 ]  Kals, H.J.J., The development  of F low-dr i l l s  w i t h  a 
d i ame te r  of 12 t o  2 5  mm ( i n  Du tch ) ,  Repor t s ,  aug. 1977 and 
nov. 1977. 
131 Kretschmer,  G. ,  F l i e s l o c h f o r n e n ,  w t .%. f . i nd .Fe r t ig . ,  
67 ( l 9 7 7 ) ,  667-669. 
[ 4 ]  Kretschmer,  G., Die Techno log ie  des  F l i e s s l o c h f o r m e n s ,  VDI- 
Rer i chce ,  330 (1978) .  
[ 51 Kals, H.J.J., F l i e s s b o h r e n :  E in  n e u a r t i g e s  V e r f a h r e n  fiir 
d i e  Span lose  F e r t i g u n g  von hrrchzi iqen,  VDI-Berirhte ,  330 
(1978) .  
Kals, H . . J . J . ,  VLoeiboren. Ye taa lbewerk ing  72 (1978) ,  '250- 
253. 
(61  Overy, K. ,  F l o w - d r i l l i n g  - hush fo rma t ion  in t h i n  me ta l ,  
CME, 70 (19713). 
171 Bauer, D., und Kre t schmer ,  C., Urnformarbeit b e i m  
F l i e s s l o c h f o r m e n ,  w t . % .  f . i n d .  F e r t i g . ,  72  ( l9R2) ,  4 5 1 - 4 5 4 .  
__  LLTEKATURE ._ -. __ 
1 Bra icen ,  P.M., The C a t - i h r a t i o n  of t h e  Tool-Work 
Thermocouple, Proc. of t h e  8 t h  i n t e r n .  XTDK-Conf., ( 1967). 
2 Veens t r a ,  P.C., e.a. Thermo-e lec t r i c  C h a r a c t e r i s t i c s  of 
C a r h i d e s ,  Annals of t h e  CIRP, Vol. 20/1 (1971) .  
3 Barrow, C., A Review of Exper imen ta l  and T h e o r e t i c a l  
Techniques f o r  Asses s ing  C u t t i n g  Tempara tu res ,  Annals  of  
t h e  CIRP, Vol. ?2 /2  (1973) .  
171 
